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Abstract. Results from a 37 ks BeppoSAX Low-Energy
Concentrator Spectrometer (LECS) observation of the su-
persoft source SMC 13 (=1E 0035.4-7230) in the Small
Magellanic Cloud are reported. This source has probably
the softest spectrum observed so far with BeppoSAX, with
no detected counts ∼>0.5 keV. The BeppoSAX spectrum
is fitted either with a blackbody spectrum with an effec-
tive temperature kT = 26–58 eV, an LTE white dwarf
atmosphere spectrum with kT = 35–50 eV, or a non-LTE
white dwarf atmosphere spectrum with kT = 25–32 eV.
The bolometric luminosity is not very well constrained, it
is < 8 1037 erg s−1 and < 3 1037 erg s−1 for the LTE and
the non-LTE spectrum (90% confidence).
We also applied a spectral fit to combined spectra ob-
tained with BeppoSAX LECS and with ROSAT PSPC.
We find that a blackbody spectrum with an effective tem-
perature kT=(39–47) eV and a bolometric luminosity of
(0.3 − 5) 1037 erg s−1 fits the data. The data are also
fitted with a blackbody with a kT of (50–81) eV, an av-
erage C-edge at (0.38–0.47) keV with an optical depth
τ > 1.1, and a bolometric luminosity of (3−8) 1036 erg s−1
(90% confidence). We also applied LTE and non-LTE
white dwarf atmosphere spectra. The kT derived for the
LTE spectrum is (45–49) eV, the bolometric luminosity
is (3 − 7) 1036 erg s−1, The kT derived for the non-
LTE spectrum is (27–29) eV, the bolometric luminosity is
(1.1−1.2) 1037 erg s−1. We can exclude any spectrally hard
component with a luminosity of more than 2 1035 erg s−1
(for a bremmstrahlung with a temperature of 0.5 keV) at
a distance of 60 kpc. The LTE temperature is therefore in
the range 5.5 ± 0.2 105 K and the non-LTE temperature
in the range 3.25± 0.16 105 K.
Assuming the source is on the stability line for
atmospheric nuclear burning, we constrain the white
dwarf mass from the LTE and the non-LTE fit to
∼1.1 M⊙ and ∼0.9 M⊙ respectively. However, the tem-
perature and luminosity derived with the non-LTE model
for 1E 0035.4-7230 is consistent with a lower mass
Send offprint requests to: ptk@astro.uva.nl
(MWD ∼ 0.6− 0.7M⊙) white dwarf as predicted by Sion
& Starrfield (1994). At the moment, neither of these two
alternatives for the white dwarf mass can be excluded.
Key words: X-rays: stars – accretion – binaries:close –
stars: individual (1E 0035.4-7230 (SMC)) – white dwarfs
1. Introduction
The Einstein observatory performed a survey of the Small
Magellanic Cloud (SMC) in which two sources with un-
usually soft spectra, 1E 0056.8-7154 and 1E 0035.4-7230,
were detected (Seward & Mitchell 1981). 1E 0035.4-7230
has been identified in the optical with a variable blue star
with a strong UV excess and a 4.1 hour orbital period
(Orio et al. 1994). The supersoft nature of the source was
confirmed by subsequent ROSAT observations (Kahabka
et al. 1994; Kahabka 1996). Supersoft sources are most
probably accreting white dwarfs (WDs) which are burn-
ing hydrogen steadily (van den Heuvel et al. 1992). An
orbital period of 0.1719 days was found in optical and
X-ray data (Crampton et al. 1997; see van Teeseling et
al. 1998 for a recent discussion). The optical spectrum
shows pronounced emission at Heii λ4686 and near Hα.
The Hβ line is seen in absorption (Cowley et al. 1998).
The mass function derived from the Heii λ4686 line radial
velocities indicates a donor star mass of ∼0.4 M⊙ and a
WD mass of ∼0.5− 1.4 M⊙. A scenario to account for
the evolutionary state of the source has been proposed
by Kahabka & Ergma (1997) in which the system is a
cataclysmic variable (CV) with a low-mass WD accreting
below the steady-state burning rate. The recurrent flashes
in this system are assumed to be mild and leave a fraction
of the envelope as a nuclear reservoir. The WD is heated
to a high temperature during its evolution (Sion & Star-
rfield 1994). The Sion & Starrfield models of a 0.6 M⊙
and a 0.7 M⊙ WD predict an asymptotic temperature of
∼3.25 105 K and a luminosity of ∼1037 erg s−1. X-ray
spectroscopy allows the WD mass and temperature to be
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estimated, so allowing the evolutionary status of the sys-
tem to be probed. If 1E 0035.4-7230 harbors a massive
WD (MWD > 0.7− 0.8 M⊙) then the Sion & Starrfield
model may no longer be applicable as the envelope is prob-
ably expelled during recurrent nova outbursts. This work
is part of a program to systematically observe the brighter
supersoft sources with the BeppoSAX satellite (Parmar et
al. 1997a, 1998; Hartmann et al. 1999).
2. Observation
The Low-Energy Concentrator Spectrometer (LECS) on-
board BeppoSAX is an imaging gas scintillation propor-
tional counter sensitive in the energy range 0.1–10.0 keV
with a circular field of view of 37′ diameter (Parmar et
al. 1997b). Its energy resolution is a factor ∼2 better
than that of the ROSAT Position Sensitive Proportional
Counter (PSPC). 1E 0035.4-7230 was observed between
1998 January 4 10:27 and January 6 01:21 UTC. Good
data were selected from intervals when the minimum el-
evation angle above the Earth’s limb was >5◦ and when
the high voltage levels were nominal using the SAXDAS
data analysis package. Since the LECS was only operated
during satellite night-time, this gave a total on-source ex-
posure of 37 ks.
Examination of the LECS image shows a source at a
position consistent with that of 1E 0035.4-7230. A spec-
trum was extracted centered on the source centroid using
a radius of 8′. This radius was chosen to include 95% of
the 0.28 keV photons. The spectrum was rebinned to have
>20 counts in each bin to allow the use of the χ2 statis-
tic. The LECS response matrix from the 1997 September
release was used in the spectral analysis. The background
spectrum was extracted from the image itself using a semi-
annulus centered on 1E 0035.4-7230 with inner and outer
radii of 14′ and 19′, respectively. A correction for tele-
scope vignetting was applied (see Parmar et al. 1999). The
1E 0035.4-7230 count rate above background is 0.008 s−1.
Examination of the extracted spectrum shows that the
source is only detected in a narrow energy range and only
the 21 rebinned channels corresponding to energies be-
tween 0.13 and 1.7 keV were used for spectral fitting.
3. BeppoSAX spectral fit
Initially only BeppoSAX data was used to constrain the
parameters derived from different spectral models. The
fits indicate the presence of a C edge at ∼0.5 keV, most
likely due to C vi and this provides strong support for a
hot and nuclear burning WD atmosphere model.
3.1. Blackbody spectral fits
The BeppoSAX data were first fit with a blackbody spec-
tral model. The fit is acceptable with a χ2 of 8.5 for 18
degrees of freedom (dof). The blackbody temperature,
Fig. 1. BeppoSAX count spectrum of the 37 ks observa-
tion of 1E 0035.4-7230 together with the best-fit non-LTE
spectral fit
kT, is (20–52) eV and the column, NH, (2.2− 11) 10
20
H− atoms cm−2. The best-fit luminosity (60 kpc) is
1037 erg s−1, but it is not well constrained (cf. Tab.1).
Next edges were included in the spectral model.
Bbody × f(E) (1)
where
f(E) =
{
1. : E < Eedge
exp(−τ × ( EEedge )
3) : E ≥ Eedge
(2)
Edges are expected to be present in the atmospheres
of hot WDs. Calculations of synthetic spectra have shown
that such edges are the dominant spectral features in this
energy range. These are likely to be Lyman edges, i.e.
ionizations from the ground state of C v and C vi (at
energies of 0.391 and 0.487 keV). A single edge with vari-
able energy was first included. As the fit did not allow to
constrain the energy of the edge we fixed the edge energy
to 0.44 keV, the mean expected energy of the C v and
the C vi edge of 0.439 keV. The optical depth, τ > 1.8,
at the 68% confidence level. At the 90% confidence level
τ cannot be constrained. The χ2 is 7.1 for 17 dof. The
best-fit blackbody kT is 79 eV. The NH of (0.8− 8.8) 10
20
H− atoms cm−2 is in agreement with the foreground col-
umn of 3.2 1020 H− atoms cm−2 (derived from the 21-
cm map of Stanimirovic et al. 1999). The luminosity is
(0.7− 8.4) 1036 erg s−1. We applied the F-test statistics
and find a probability of ∼70% that a fit including a C-
edge is more likely than a fit without an edge (leaving the
blackbody temperature in the fit as a free parameter).
Next edges fixed at the energies of the C v and
C vi edges were included in the spectral model. The
best-fit optical depths are τC V ≤ 1.8 and τC VI ≥ 1.3 at
the 68% confidence level (τC V ≤ 3.0 at the 90% confi-
dence level). The best-fit blackbody kT is 63 eV. The NH
is (2.0− 6.1) 1020 H− atoms cm−2, and is in agreement
with the galactic foreground column. The luminosity is
(1.0− 9.6) 1036 erg s−1.
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3.2. WD atmosphere spectral fits
A Blackbody spectrum including absorption edges of C v
and C vi can only be an approximation to the true spectral
distribution. LTE and non-LTE WD atmosphere spectra
may be the better approximation (Heise et al. 1994; Hart-
mann & Heise 1997). We therefore applied LTE and non-
LTE WD atmosphere spectra to the BeppoSAX spectrum
of 1E 0035.4-7230 assuming reduced abundances for C, N,
O and Ne, also in Section 4.2.
The LTE fit is acceptable with a χ2 of 8.0 for 17
dof. The effective kT is (4.1 − 5.9) 105 K, the NH is
(1.6− 6.5) 1020 H− atoms cm−2 and the best-fit luminos-
ity 3.4 1036 erg s−1, the luminosity is not well constrained.
The non-LTE fit is also acceptable with a χ2 of 8.0 for 17
dof. The best-fit effective kT of (3.3±0.50.3) 10
5 K is signifi-
cantly lower than that derived from the LTE fit. The NH
is (2.3− 6.6) 1020 H− atoms cm−2. The luminosity is in
the range (0.5− 3.8) 1037 erg s−1.
4. Combined BeppoSAX and ROSAT PSPC
spectral fits
In a second step we used the BeppoSAX spectrum to-
gether with a ROSAT spectrum obtained from a 13 ks
exposure in 1993 April in a combined (multi-instrument)
spectral fit to better constrain the spectral parameters.
Fits to the ROSAT data alone are presented in Kahabka
et al. (1994). Again the fits indicate the presence of a C
edge at ∼0.5 keV, most likely due to C vi and are in strong
support for a hot and nuclear burning WD nature of the
source.
4.1. Blackbody spectral fits
The data were first fit with a blackbody spectral model.
The fit is acceptable with a χ2 of 40 for 59 dof. The
blackbody kT is (39–47) eV, the NH of (4.1− 6.0) 10
20
H− atoms cm−2 is greater than the foreground column
of 3.2 1020 H− atoms cm−2. The bolometric luminosity
is (1− 5) 1037 erg s−1. There is no indication of the ex-
istence of neutral circumstellar matter (e.g. a nebula) in
this system. Any low density matter in the binary sys-
tem (mass-loss due to winds) found from the modeling of
the line profiles of the Balmer lines has been shown to be
highly ionized (cf. Asai et al. 1998 for the supersoft source
CAL 87 located in the LMC).
Next a single edge with variable energy and depth was
included in the spectral model. The fit is acceptable with
a χ2 of 35 for 56 dof. The best-fit indicates an edge en-
ergy in the range (0.36–0.47) keV with a best-fit value of
0.44 keV. This value is consistent with the mean expected
energy of the C v and the C vi edge (at 0.391 keV and
0.487 keV, respectively) which is 0.439 keV. The derived
energy range indicates an ionization state to be somewhere
between C v and C vi. The optical depth is τC > 1.1 at the
90% confidence level. In this model the blackbody temper-
ature is found to be 48–76 eV. The NH of (3.0− 5.0) 10
20
H− atoms cm−2 is in agreement with the foreground col-
umn. We applied the F-test statistics and find a probabil-
ity of ∼70% that a fit including a C-edge is more likely
than a fit without an edge (leaving the blackbody tem-
perature in the fit as a free parameter). As before, the
edge energies were next fixed at the values appropriate
to C v and C vi edges in the spectral fit. The fit is ac-
ceptable with a χ2 of 35 for 56 dof. The best-fit optical
depths are τC V= 0.9–2.6 and τC VI=1.1–7.5 at 68% con-
fidence, τC V < 2.9 at 90% confidence. The blackbody kT
is in the range 50–81 eV. Using the Saha equation we may
constrain the electron density (cf. Sect. 5.1). The NH of
(3.1− 5.1) 1020 H− atoms cm−2 is in agreement with the
galactic foreground column.
4.2. WD atmosphere spectral fits
The LTE fit assuming reduced abundances is acceptable
with a χ2 of 47 for 59 dof. The effective kT is (5.5 ±
0.2) 105 K, the NH is (3.6± 0.8)10
20 H− atoms cm−2,
the bolometric luminosity is (3− 7) 1036 erg s−1. With
non-LTE WD atmosphere spectrum and assuming re-
duced abundances (cf. section 3.2) significantly lower kT
of (3.25 ± 0.16) 105 K is found. The derived NH is
(4.1± 0.8) 1020 H− atoms cm−2. The fit is acceptable
with a χ2 of 46 for 58 dof. The bolometric luminosity is
(1.0− 1.2) 1037 erg s−1.
5. Discussion
We find strong evidence in the BeppoSAX and ROSAT
spectra for the presence of an edge at ∼0.44 keV in the
spectrum of 1E 0035.4-7230. This edge originates from a
combination of C v and C vi with a large optical depth
τ > 1.1 (90% confidence).
The temperatures and absorbing columns derived from
the blackbody fits should be treated with caution and
more reliable estimates are probably obtained with the
LTE or non-LTE WD atmosphere model fits. The result-
ing chi-squared values do not allow to decide between both
models. Therefore, the temperature is constrained to the
range (3− 6) 105 K and the ionization state of C is likely
between C v and C vi. The discovery of deep C edges in
the spectrum of 1E 0035.4-7230 has implications as it is
assumed that the metallicity of the SMC material is heav-
ily reduced (by a factor 3–20, Pagel 1993). Reduced CNO
abundances result in less violent outbursts. This can sus-
tain nuclear burning for long periods of time without the
requirement of additional supply due to accretion e.g. by
X-ray induced heating of the donor star (van Teeseling &
King 1998; King & van Teeseling 1998). It is unclear what
enhances the C abundance in the envelope of the WD.
If the WD goes through recurrent weak outbursts then
the CO core may be affected (i.e. eroded) during the out-
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Table 1. Results of spectral fitting of the BeppoSAX LECS spectrum (0.1–1.7 keV) and combined BeppoSAX LECS
and ROSAT PSPC spectrum of 1E 0035.4-7230. The (0.1–2.4) keV luminosity L36 (10
36 erg s−1) and for the combined
ROSAT PSPC and BeppoSAX LECS spectral fit also the bolometric luminosity L36 (10
36 erg s−1) is given. 90%
confidence parameter ranges are given (a 68% confidence parameter range is given).
BeppoSAX LECS
Model NH kT EC V EC VI τC V τC VI L36 χ/dof
Edge (0.1-2.4 keV)
(1020 cm−2) (eV; (keV)
105 K)
bbody 4.7±6.82.5 39±
13
19 10±
>10
9.3 0.47
4.5±1.52.2
bbody+edge 2.2±6.61.4 79±
19
55 0.44 > 1.8
a 2.2±6.21.5 0.42
9.2±2.26.3
bbody+Cv+Cvi edge 3.1±3.02.1 63±
33
23 0.391 0.487 0.4±
2.6
0.4 > 1.3
a 2.8±6.81.8 0.57
7.3±2.92.2
LTE WD atm. 3.3±3.21.7 47±
3
12 3.4±
82
3.1 0.47
5.5±0.41.4
Non-LTE WD atm. 4.0±2.61.7 28±
4
3 8.6±
29
3 0.47
3.3±0.50.3
BeppoSAX LECS + ROSAT PSPC
Model NH kT EC V EC VI τC V τC VI L
c
36 scaling χ/dof
Edge (0.1-2.4 keV) factorb
(1020 cm−2) (eV; (keV) (bolometric)
105 K)
bbody 4.8±1.10.8 43±
4
4 9.3±
11
4.2 1.68±
0.23
0.19 0.68
5.0±0.50.5 12±
42
9
bbody+edge 3.8±1.10.8 63±
13
15 0.44±
0.03
0.08 5.4±
3.6
2.7
a
4.2±3.81.5 1.67±
0.23
0.17 0.62
7.3±1.51.7 5.2±
0.9
2.0
bbody+Cv+Cvi edge 3.9±1.20.8 65±
16
15 0.391 0.487 1.6±
1.0
0.7
a
3.9±3.62.8
a
4.2±3.31.4 1.68±
0.14
0.12 0.63
7.5±1.51.7 5.4±
3.6
3.5
LTE WD atm.d 3.6±0.40.4 47±
1
1 2.0±
1.4
0.8 1.68±
0.2
0.1 0.80
5.5±0.10.1 4.8±
1.1
0.8
Non-LTE WD atm.d 4.1±0.40.3 28±
0.6
0.8 9.8±
4.0
1.4 1.30±
0.15
0.14 0.77
3.25±0.070.09 10.9±
0.3
0.3
b the flux scaling factor is (fluxROSATPSPC / (fluxBeppoSAX),
c the luminosity is given for the BeppoSAX spectrum. d 68%
confidence errors are given. In the text estimates for the 90% errors are given as twice the 68% errors.
burst. Eroded core material (i.e. C and O) may be mixed
into the envelope. But as no N is supplied, it cannot af-
fect the CNO cycle, i.e. it will not enhance the strength of
the outburst. The soft X-ray spectrum of 1E 0035.4-7230
ressembles that of the symbiotic nova RX J0048.4-7332 in
the SMC (Jordan et al. 1996). For this source a strong
C v edge is also required in the spectral modelling. We
applied to the ROSAT PSPC spectrum of this source a
blackbody spectrum including a C v and a C vi edge and
find τC V ≥ 5.8 and τC VI ≥ 0.57 (68% confidence). The
best-fit blackbody temperature is ∼4 105 K, somewhat
above the temperature derived from the non-LTE fit by
Jordan et al. (1996). These authors find a strong stellar
wind with a mass-loss rate of ∼10−6 M⊙ yr
−1 for the sym-
biotic nova.
5.1. Constraints inferred from the Saha equation
Using the Saha equation we can predict the ratio of the
depth in the C v and C vi edges assuming realistic val-
ues for the electron density in hot atmospheres of WDs
and compare this ratio with that derived from observa-
tion. Considering only the ground state of ions, the Saha
equation is
N+
N
Ne =
(2pimekT
h2
)3/2 2g+
g
e−χi/kT. (3)
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Here N is the particle density and + designates the ion-
ized state, Ne is the electron density, g and g
+ are the sta-
tistical weights of the ions, and χi is the ionization energy.
For C v and C vi these weights are gC V = 1 and gC VI = 2
with χC V−C VI = 6.3 10
−17 J = 392 eV. We assume for
the optical depth dτ = Nσds and dτ+ = N+σ+ds+. σ is
the threshold photoionization cross-section and ds is the
radial distance travelled by a photon. The definition of an
absorption edge in Section 3.1 allows us to put ds = ds+
since all blackbody radiation passes through the same ab-
sorbing slab of material. Then we get
dτ = Nσds and dτ+ = N+σ+ds gives
N+
N
≈
τ+σ
τσ+
(4)
and
Ne =
τσ+
τ+σ
(2pimekT
h2
)3/2 2g+
g
e−χi/kT (5)
with σ = 4.7 10−19 cm−2 and σ+ = 1.810−19 cm−2
(Verner et al. 1996).
For C v and C vi the electron density can be written
as
Ne = 1.1710
23 T
3/2
5
τ
τ+
e−χi/kT cm−3 (6)
with the temperature T5 in units of 10
5 K. Constrain-
ing the temperature to be in the range (4− 6) 105 K gives
Ne = (0.11− 8.8) 10
20 τ
τ+
cm−3. (7)
For high gravity (log g=9.0) WD atmospheres electron
densities in the range (1019 − 1020 cm−3) are expected.
Such densities are achieved for ratios in the range ττ+
∼ 0.1− 1. The range derived from the blackbody and edge
fit ττ+ ∼ 0.1− 2 is therefore consistent with that predicted.
5.2. The evolutionary state of 1E 0035.4-7230
The temperature and luminosity derived from the differ-
ent spectral models can be compared with the asymp-
totic temperature of 3.25 105 K and the bolometric lu-
minosity of ∼>10
37 erg s−1 predicted by Sion & Starrfield
(1994) for a low-mass (MWD ∼ 0.6− 0.7 M⊙) WD ac-
creting at a rate of ∼10−8 M⊙ yr
−1 and burning hydro-
gen steadily for thousands of years. With the non-LTE
model a kT of (3.25 ± 0.16) 105 K and a bolometric lu-
minosity of (1.0− 1.2) 1037 erg s−1 are derived, in agree-
ment with the predictions from the Sion & Starrfield
model. The LTE model gives a higher effective kT of
5.5±0.2 105 K and a somewhat lower bolometric luminos-
ity of (3 − 7) 1036 erg s−1. Such a temperature is consis-
tent with a more massive WD MWD ∼ 1.1 M⊙, assuming
the stability relation in Iben (1982) (see Kahabka 1998).
However the predicted luminosity is at least a factor of 10
too low in order to be explained by steady nuclear burn-
ing. This could be either due to obscuration of the source
which is seen at a large inclination of ∼40◦ (cf. van Teesel-
ing et al. 1998), or due to reduced nuclear burning. The
X-ray luminosity of the source appeared not to have varied
by more than ∼ 1.30± 0.3 between the ROSAT and Bep-
poSAX observations. We cannot exclude that this change
in luminosity could be of instrumental nature due to the
uncertain cross-calibration of the BeppoSAX LECS and
the ROSAT PSPC instruments. It also may be due to
changing X-ray scattering in the binary system. If it is
due to a long-term change in the luminosity caused by a
cooling of the WD envelope then a temperature change
by a factor of 1.07±0.05 would be required to account for
the derived change in luminosity.
The extreme softness of the spectrum of 1E 0035.4-
7230 allows constraints to be set on the existence of a
spectrally hard component in this system. Such a compo-
nent may be expected if there is a strong colliding wind
present. A wind with a mass-loss rate of ∼10−6 M⊙ yr
−1
with a terminal velocity of ∼500 km s−1 from a low-mass
WD and a mass-loss rate of ∼10−7 M⊙ yr
−1 with a lower
terminal velocity from the donor star (as e.g. proposed by
van Teeseling & King 1998) should give rise to a colliding
wind. We do not detect such a component from the Bep-
poSAX observation. We derive a 90% confidence upper
limit luminosity for a bremsstrahlung component with a
temperature of 0.5 keV (assuming a distance of 60 kpc) of
2 1035 erg s−1. This upper limit is too large to compare
with the luminosity of colliding winds observed e.g. by
Jordan et al. (1994) in the galactic symbiotic nova RR Tel
of ∼2 1032 erg s−1.
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Fig. 2. (a) Best-fit blackbody model. The blackbody kT
is 39 eV and the column 4.7 1020 H− atoms cm−2.(b)
Best-fit blackbody model with an edge at 0.44 keV.
The optical depth is larger than 1.8 (68% confidence).
The blackbody kT is 79 eV and the column 2.2 1020
H− atoms cm−2. (c) Best-fit blackbody model with a C v
edge at 0.391 keV and a C vi edge at 0.487 keV. The opti-
cal depths are 0.4 and >1.3, respectively. The blackbody
kT is 63 eV and NH 3.1 10
20 H− atoms cm−2. (d) Best-
fit LTE WD atmosphere model. The kT is 5.5 105 K and
NH 3.3 10
20 H− atoms cm−2. (e) Best-fit non-LTE WD
atmosphere model. The kT is 3.9 105 K and NH 3.5 10
20
H− atoms cm−2
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Fig. 3. (a) Best-fit blackbody model. The blackbody kT
is 43 eV and NH is 4.9 10
20 H− atoms cm−2. (b) Best-fit
blackbody model with an edge at 0.44 keV. The optical
depth is 5.4. The blackbody kT is 63 eV and NH is 3.8 10
20
H− atoms cm−2. (c) Best-fit blackbody model with a C v
edge at 0.391 keV and a C vi edge at 0.487 keV. The
optical depths are 1.6 and 3.9, respectively. The blackbody
kT is 65 eV and NH is 3.9 10
20 H− atoms cm−2. (d) Best-
fit LTE WD atmosphere model. The kT is 5.5 105 K, and
the NH 3.6 10
20 H− atoms cm−2. (e) Best-fit non-LTE
WD atmosphere model. The kT is 3.25 105 K, and the
NH 4.1 10
20 H− atoms cm−2.
